The genus Claviceps includes species adapted to a variety of niches in habitats ranging from marine to desert and subtropical to arctic. Most species of Claviceps have a host range limited to a genus or several genera of grasses. The exception is Claviceps purpurea var. purpurea (Fr.:Fr.) Tul., a common pathogen of temperate grasses in the Pooideae. The host range of C. purpurea var. purpurea is reported to include up to 200 species in the United States (40, 136) . Langdon (96) , in his 1954 study of Claviceps, recognized 25 species. Since then, 15 additional species have been described (3) . Hosts reported susceptible to Claviceps spp. were summarized by Brady (18) and Kawatani (88) .
However, the occurrence of Claviceps spp. and their host and geographical distribution within the United States is not clearly defined.
Claviceps spp. are floral pathogens that infect the ovaries of susceptible hosts. Each infected ovary is replaced by a single sclerotium. During infection, macroand/or microconidia (and in some cases also secondary conidia), depending on the Claviceps sp., are produced. Conidia are responsible for secondary spread of Claviceps. The sclerotium and the disease are commonly referred to as ergot. Sclerotia of many of the Claviceps spp. contain toxic alkaloids, and their presence in feed or in pasture grasses can cause poisoning in animals. Sclerotia of Claviceps spp. can be collected with seed during harvest. C. purpurea var. purpurea, in particular, is a generally known contaminant of harvested cereal grains and grass seed. There is potential for introducing new Claviceps spp. into the United States with seed, although the impact of such an introduction would vary depending on the Claviceps sp. imported and the hosts affected. Of significance is the recent introduction of C. africana, which is now an important problem in U.S. sorghum production (11) . Recognition of new or emerging Claviceps spp. in the United States requires an understanding of the geographical and host distribution of Claviceps spp. currently in the country.
Claviceps species are differentiated by morphological features of the ascostroma, including color, distribution of perithecia within the stroma, dimensions of perithecia, asci, and ascospores, characteristics of the stipe, sclerotial and conidial morphology (3, 96) , or by molecular genetic differences (120) . Unfortunately, ascostromata are rarely observed in nature, and most collections include only ungerminated sclerotia. Nevertheless, morphology of sclerotia and conidia can be helpful in differentiating species of Claviceps. Sclerotial forms include the black to purpleblack, elongated sclerotia of C. purpurea; the roughly textured, spherical, tan to brown sclerotia of C. paspali F. Stevens & J.G. Hall; the large, horse-tooth shaped, gray-white sclerotia of C. gigantea S.F. Fuentes, Ullstrup, & Rodriquez; the greenish sclerotia of C. viridis Padwick & Azmatullah; and the oblong, purple sclerotia of C. zizaniae (Fyles) Panidou (3) . Although morphology of sclerotia may be helpful in differentiating some species of Claviceps, sclerotia of other species, e.g., C. digitariae Hansford, C. nigricans Tul., C. pusilla Cesati, and C. ranunculoides Möller, are similar in appearance to C. purpurea. Characteristics such as size and shape of macroconidia, microconidia, and secondary conidia are morphological features that can be used to further delimit Claviceps spp. (100) . C. pusilla, for example, has characteristic triangular conidia (96) which appear to be unique among Claviceps spp. Host range also may be helpful in Claviceps spp. recognition. Species such as C. grohii J.W. Groves, C. nigricans, and C. zizaniae are believed to be restricted to a single host genus. Thus, recognition of many Claviceps species, in the absence of ascostromata, may be possible based on combined characteristics of conidia, sclerotia, and host range.
Although the concept of varieties of C. purpurea has not been widely accepted, recent arguments for a Claviceps sp. found on Spartina as a distinct variety of C. purpurea, C. purpurea var. spartinae, based on morphological, physiological, ecological, and host range differences (34) , are convincing. Because of its wide host range, C. purpurea var. purpurea is often assumed to be a causal agent of Claviceps infection. For example, Androgon spp. are listed as hosts of C. purpurea var. purpurea (23, 61, 97, 125, 129) , presumably based on occurrence and appearance of sclerotia. However, when sclerotia from Andropogon spp. in Iowa were germinated (157) , the ascostromata resembled C. pusilla and not C. purpurea var. purpurea. In another case, C. zizaniae was listed as C. purpurea var. purpurea until studies of Pantidou (117) established it as a different species. Further investigations may differentiate additional species of Claviceps from pathogens now identified as C. purpurea var. purpurea.
Listings of grass hosts for Claviceps spp. are complicated by the many recent changes in grass nomenclature. Differences among grass taxonomists concerning the synonymy of species can create confusion in citations. For example, Farr et al. (40) included the grass species Agrostis alba L. and A. palustris Huds. as synonyms of A. stolonifera L. Kartesz (87) , on the other hand, listed A. alba as a synonym of A. gigantea Roth.
Studies of speciation, host range, and geographical distribution in the genus Claviceps require details of the host, site where the collection was made, and location of any corresponding voucher specimens. Most of the records of Claviceps were established from plant disease surveys during the 1930s through 1950s. For many of these records, specimens were sent to the herbarium of the USDA National Fungus Collection. However, collections in other herbaria may represent additional sources for host and geographical information for fungi in the genus Claviceps.
The objectives of this study were to: (i) compile an updated listing of grass species reported as natural hosts of Claviceps spp. based on published reports, inclusion in the USDA National Fungus Collection, or examination of herbarium collections in which hosts could be identified; (ii) summarize the listing with updated grass synonymies; (iii) map the distribution of Claviceps species in the United States with respect to host occurrence; (iv) evaluate the validity of conidia size as an attribute for comparing Claviceps spp.; and (v) identify questionable C. purpurea-host associations.
MATERIALS AND METHODS
An extensive literature search for reports of ergot in the United States was conducted. Reports in which species of Claviceps were not defined or host identities were uncertain were excluded. Cita-listed in Index Herbariorum (81) . Except for BPI, records from herbaria were included in host listings and state reports only after specimens were examined and verified for presence of Claviceps and verification of host identities. Collections that included only sclerotia were excluded. Data were summarized as the occurrence of host-Claviceps combinations within each state. The number of duplicate records at any given location was not tallied. New collections were deposited at herbarium OSC. Conidia were examined from specimens obtained from herbaria or collections made during the course of this study. Collections of Claviceps spp. occurring outside the United States were also obtained and examined. Conidia were gently washed from individual sclerotia by placing the sclerotium in a small drop of water on a glass slide for about 30 to 60 s. Conidia were examined at ×1,000, and tracings of the first 25 conidia encountered were made with a drawing tube attached to an Olympus microscope. The taxonomic placement of grass genera into subfamilies and tribes was based on Watson and Dallwitz (161) . Current nomenclature of grass genera/species followed that presented by Kartesz (87) 
RESULTS
C. africana was reported from GA, KS, MS, and TX as a pathogen of Sorghum bicolor (L.) Moench and Sorghum halepense (L.) Pers. (Table 1 , Fig. 1 ). Macroconidia were ellipsoidal-oblong, 14 × 5 µm (Table 2) . Microconidia were spherical, about 3 µm in diameter (Table 2) .
Claviceps cinerea was reported from AZ, OK, NM, and TX as a pathogen of Hilaria spp. (Table 1 , Fig. 1 ). Macroconidia of C. cinerea were fusiform, 20-25 × 4-5 µm. Microconidia were ellipsoidal, 6-8 × 0.5-0.7 µm (Table 2) .
C. grohii was reported on Carex spp. in MI, OR, and WA (Table 1 , Fig. 1 ). Conidia of C. grohii were ellipsoidal-oblong, 11-16 × 4-5 µm (Table 2) .
Claviceps junci was listed by Greene (61) as occurring in WI on Juncus nodosus (Table 1) . C. junci is an invalid name because it is based on only the conidial stage. Conidia from collections of Claviceps on Juncus spp. from CA and Canada were similar in size and shape, ellipsoidaloblong, 12-13 × 4 µm ( Table 2) .
C. nigricans occurred on Eleocharis spp. primarily in the Midwest, but its distribution extended to SC and CA (Table 1 , Fig.  1 ). Conidia of C. nigricans from collections of Eleocharis spp. from CA were 9-11 × about 4 µm ( Table 2) .
C. paspali was distributed from MD to FL, along the Gulf States, and across to California (Fig. 1) . C. paspali was confined to the genera Paspalum and Axonopus (Table 1) . Conidia were ellipsoidal, 12 × 4-5 µm (Table 2) .
Most hosts for C. purpurea var. purpurea occurred in the subfamily Pooideae. Mean conidial lengths for specimens in the Aveneae and Meliceae were more variable and generally larger than those from hosts in the Bromeae, Poeae, or Triticeae, where conidia were 5.5 to 7.9 × 2.5 to 3.9 µm (Table 2 ). Most hosts of C. purpurea var. purpurea occurred in the northern half of the United States, although C. purpurea var. purpurea has been reported from all states in the continental United States. One hundred fifty-nine species were identified as susceptible to C. purpurea var. purpurea (Table 3) , excluding host reports from panicoid grasses. The greatest host species diversity occurred in the midwestern and northwestern states (Fig. 2) . More than 50 species of grasses were reported susceptible to C. purpurea var. purpurea in IA, ND, and WA. Relatively few (10 or fewer) were observed with microconidia and macroconidia (Table 2) . Claviceps purpurea var. spartinae occurred on Spartina spp. within the range of growth of Spartina along the Atlantic, Pacific, and Gulf Coast states and the Midwest. Conidia were ellipsoidal, oblong, or allantoid, 10.2 to 12.7 µm.
C. pusilla was reported from IA, OK, NM, and TX. Hosts included Andropogon Fig. 1 . For each Claviceps species, the number of grass species on which the particular Claviceps species was reported for each state is recorded. 11.4 ± 1.4 3.6 ± 0. gerardii Vitman, A. halli Hack., Bothriochloa ischaemum (L.) Keng., and Schizachyrium scoparium (Michx.) Nash. Yellow stipes and capitula observed in a collection from B. ischaemum from TX (BPI 633256) were consistent with descriptions of C. pusilla. However, in examination of specimens of Andropogon spp. from IA (Table 2) , conidia were ellipsoidal, and the triangular conidia unique to C. pusilla were not seen. C. ranunculoides was reported from AZ, NM, and TX on Setaria macrostachya Kunth, although the occurrence of C. ranunculoides in the United States is questioned ( Table 1) . Sclerotia of Claviceps on Setaria from TX and NM were cream to buff-brown to gray, with the upper half generally darker than the lower half, elongate, curved, slightly flattened, with a single longitudinal furrow on each flattened side and a relatively smooth texture. The specimens, labeled as C. ranunculoides, differed from blue-black sclerotia of the type description of C. ranunculoides (112), but they were somewhat similar to descriptions of C. sulcata Langdon from Brachiaria spp. (102) . C. sulcata is not known to occur in the United States.
Claviceps tripsaci was reported from GA, DC, MD, MS, NC, OK, and VA. C. tripsaci is known only from Tripsacum dactyloides (L.) L. Three conidial types were recovered from sclerotia: fusiform macroconidia, 27 × 5 µm, ellipsoidal mesoconidia, 11 × 4 µm, and sphericalellipsoidal microconidia, 4 × 3 µm.
Claviceps yanagawensis is known from Fl and VA on Zoysia japonica Steudal. Conidia were not observed in sufficient numbers for size determination.
C. zizaniae was reported from IA, ME, MD, MN, MO, NE, ND, and WI. Zizania aquatica L. and Z. palustris L. var. palustris are the only known hosts. Conidia of C. zizaniae from Zizania were ellipsoidal to oblong, 11-12 × 4-5 µm, with ends more tapered than rounded (Table 2) .
DISCUSSION
The occurrence and distribution of Claviceps spp. in the United States reflects adaptation of Claviceps to a diversity of habitats, ranging from marine to arid and subtropical to northern temperate. Most Claviceps spp. have a narrow host range, including one to several closely related genera. The exception is C. purpurea var. purpurea. The vast majority of hosts for C. purpurea var. purpurea are in the Pooideae, with some hosts reported in the Arundinoideae. Genera in the Panicoideae are not considered hosts for C. purpurea var. purpurea (96) , and our observations support this concept. The distribution of C. purpurea var. purpurea in the United States closely follows the distribution of the Pooideae, which include primarily cool season, temperate grasses. C. purpurea var. purpurea requires a period of several weeks of cold, near-freezing temperatures to induce fructification (111) and is therefore adapted to temperate climatic conditions. In addition, sclerotia of C. purpurea var. purpurea were reported susceptible to microbial decay under warmer conditions in the southeastern United States (28) . However, C. purpurea var. purpurea may survive in the southeastern United States in the conidial state.
Because C. purpurea var. purpurea has such a wide host range and genetic diversity, it is often assumed to be the causal agent when floral sclerotia are found on a grass host. Confirmation of C. purpurea var. purpurea, especially on hosts outside the Pooideae, should be based on examination of sclerotia, ascostromata, and conidia, or through the determination and analysis of ITS and/or other sequences. Loveless (100,101) found evidence for restricted host range among Claviceps spp. based on conidial morphology. We found conidial size to be a relatively stable attribute among species of Claviceps. However, consistently larger conidia developed on hosts in the tribes Aveneae and Meliceae than on hosts in other tribes in the Pooideae. Loveless and Peach (103) found conidial size to be under host genotype control, which suggests adaptation of strains of C. purpurea var. purpurea to specific hosts. However, Pazoutova et al. (119) found strains of C. purpurea var. purpurea adapted to various habitats, with larger conidia associated with hosts in wet habitats. Variation in habitat may account for the variability in conidial size observed in C. purpurea var. purpurea found on grasses in the Aveneae and Meliceae. Many of the grasses in the Aveneae (Calamagrostis) and Meliceae (Glyceria) on which large conidia of C. purpurea var. purpurea were found occur in wetland habitats. Some grass species (Calamagrostis canadensis, Cinna latifolia), associated with a large variation in size of conidia of C. purpurea var. purpurea, grow in both wetland and upland sites.
In our examination of Claviceps from the Panicoideae, tribe Andropogoneae, collections from Andropogon and Sorghastrum differed from C. purpurea var. purpurea by the presence of both macroconidia and microconidia, which clearly separated them from C. purpurea var. purpurea. In addition, sclerotia from the Andropogoneae were light in color compared with the dark colored sclerotia of C. purpurea var. purpurea. We agree with Langdon (96) that hosts in the panicoid grasses are likely not susceptible to C. purpurea var. purpurea. From an ecological perspective, this makes sense since the cold requirement for germination of sclerotia of C. purpurea var. purpurea would not be met by the subtropical habitat of many of the panicoid grasses.
A Claviceps sp. on Setaria from TX formed macroconidia and microconidia.
Collections from NM were similar except that clearly differentiated macroconidia were not observed. Since sclerotia were similar and unique in coloration and morphology, it is likely that macroconidia production was not as great in collections from NM. The Claviceps sp. on Setaria remains unidentified.
C. paspali was originally described from Paspalum in the United States by Stevens and Hall (153) . It is widespread in the southern states, and it is an important pathogen of Paspalum spp. grown there for seed.
The earliest record found for C. pusilla was by Pammel and Weems in 1900 (116) . Tiffany (157) identified C. pusilla on Andropogon spp. based on examination of ascomata from germinated sclerotia. Examination of a collection from TX (BPI) revealed yellow capitula characteristic of C. pusilla. However, in collections of Tiffany, labeled as C. pusilla, triangular conidia characteristic of this species were not present. Additional collections need to be examined to confirm the presence of C. pusilla in the United States. C. pusilla has a wide geographical distribution, is known from Andropogon spp., and likely occurs on Andropogon spp. in the United States. However, we consider reports of C. purpurea var. purpurea on Andropogon spp. to be incorrect.
C. ranunculoides was first described by Möller (112) on Setaria in Brazil. In the United States, it was reported on S. macrostachya from AZ, NM, and TX, but we consider these reports erroneous. The sclerotia from U.S. collections were gray in color and clearly differed from the dark, purple-black color described for sclerotia of C. ranunculoides. Therefore, the occurrence of C. ranunculoides in the United States is questionable. Setaria is a member of the Panicoideae, which includes hosts susceptible to several subtropical to tropical species of Claviceps. However, Setaria spp. are not considered hosts of C. purpurea var. purpurea.
C. tripsaci was first described from NC by Stevens and Hall (153) in 1910. Few reports of C. tripsaci occur, few collections are available, and little is known about this species beyond the original technical description of Stevens and Hall (153) .
In the case of Claviceps on Zizania, studies of Fyles (46), Pantidou (117) , and Steinmetz and Wright (152) clearly demonstrated that C. zizaniae and not C. purpurea is the pathogen of Zizania. In our examination of collections of Claviceps from Zizania in ND, ME, and MN, the oval-elongate conidia were typical for C. zizaniae and considerably larger than conidia of C. purpurea var. purpurea. In addition, the less dense, more elliptically shaped sclerotia of C. zizaniae clearly differ from the generally tapered sclerotia of C. purpurea var. purpurea. 
AK (BPI, 22)
Calamagrostis coarctata (Torr.) Eat. = Calamagrostis cinnoides W. Bart. 
MA (BPI)

Calamagrostis epigeios
IA (ICS)
Phalaris arundinacea L. = Phalaris arundinacea var picta L.
CA (12) C. grohii is rare in the United States but has been reported from MI, OR, and WA (Table 1) . C. grohii was originally described from Carex in Canada (68) .
C. purpurea var. purpurea was reported on Cynodon (25, 26) . However, Porter et al. (122) suggest that a Claviceps responsible for toxin production in Cynodon dactylon in the southeastern United States may differ from C. purpurea var. purpurea. Claviceps cynodontis has a wide distribution, extending from India through Burma to the Philippine Islands, Africa, and Europe but has not been reported from the United States. C. cynodontis is believed to have a monogeneric host range restricted to Cynodon spp. (95) . Additional studies are needed to determine if Cynodon spp. serve as hosts to C. purpurea var. purpurea in nature. Other species or varieties of Claviceps likely are present in the United States, especially on grasses in the Panicoideae. Pammel and Weems (116) found yellow capitula on germinated sclerotia of Claviceps from a Poa species in Iowa. Yellow capitula are not known to occur in C. purpurea var. purpurea.
The taxonomy of grass species is currently undergoing major change. Criteria for separation of genera or species are expanding beyond morphological features or structures, especially in relation to the spikelet, and now include aspects of genetics, physiology, microanatomy, and development. It is likely that present taxonomic relationships and nomenclature of the grasses will continue to change. Therefore, as a base of reference, the names and authorities of grasses as originally listed were retained as synonyms in Tables 1 and 3,  and cited in Table 2 .
Collections of specimens and hosts of C. purpurea in herbaria were helpful in evaluating the host reports of Claviceps species in the United States. The relatively stable attribute of conidial size proved useful in identifying collections with questionable affinity to C. purpurea. Additional studies concerning identification of Claviceps spp. should be conducted with fresh collections and should focus on features of ascostromata; chemical attributes such as alkaloids present; physical attributes such as sclerotial density, texture, and color; and molecular analyses, including ITS, b-tubulin, or other sequence determination.
